To evaluate the accuracy of intraocular lens (IOL) power calculations with A-constant optimization in Descemet's stripping automated endothelial keratoplasty (DSAEK) combined with cataract extraction and intraocular lens implantation (DSAEK triple procedure).
Descemet's stripping automated endothelial keratoplasty (DSAEK) has become the preferred endothelial keratoplasty technique worldwide. 1 It has been demonstrated to provide faster visual recovery, better wound stability, minimal induced astigmatism with a smoother anterior corneal surface, and an improved safety profile compared with the traditional penetrating keratoplasty, which has allowed DSAEK to have more consistent refractive outcomes. [2] [3] [4] [5] Although some reports previously advocated that cataract surgery and subsequent endothelial keratoplasty should be performed as a 2-stage surgical procedure, 1 the current predominating opinion suggests that both procedures can be carried out at the same time. [5] [6] [7] Because DSAEK can be performed in patients with clinically significant cataract who need concurrent phacoemulsification and intraocular lens (IOL) implantation, it becomes desirable to identify factors that may affect predictability of surgical outcomes to reduce the postoperative deviation from the target refraction. 3, 5 The power of the IOL usually is determined using specific modern generation calculation formulas. This allows for a precise determination of the power of the IOL to be implanted depending on the individual target refraction. 8 However, there is a subset of patients who do not benefit completely from the application of modern IOL formulas. Among these most notably are phakic patients who either have or have not undergone corneal transplantation or the triple procedure. In these patients, the determination of the correct IOL power to be implanted is not trivial, because most modern generation formulas do not consider the new shape and power of the corneal graft. Thus, most current theoretical formulas result in incorrect assumptions and calculation errors. Multiple methods have tried to meet this challenge, but many patients still end up with unacceptable deviations from the target refraction. 9, 10 The shift from penetrating keratoplasty to DSAEK now provides surgeons with the opportunity to refine and enhance IOL selection in these particular patients who need cataract surgery. One method to improve the selection process would be to optimize the applied IOL constants. Optimization of IOL constants is the process by which a constant is refined for a particular surgical technique, lens, formula, surgeon, or measurement device based on previous outcomes. 10 This has been shown to improve outcomes significantly and can be done with any formula, lens, or specific situation. [11] [12] [13] This study sought to characterize the error in patients undergoing the DSAEK triple procedure by comparing the theoretical biometry prediction error using the manufacturer's IOL constant with the results that would have been achieved with an optimized IOL constant and to propose a method to determine IOL power in patients undergoing DSAEK triple procedures.
Patients and Methods

Study Population
The Johns Hopkins Institutional Review Board granted approval for this study. All study procedures adhered to the tenets of the Declaration of Helsinki. A retrospective chart review was conducted in 25 consecutive patients. Thirty eyes of 22 patients were included in this study. Inclusion criteria were attendance of the individual case by a single surgeon (A.S.J.) and status of having undergone the DSAEK triple procedure (DSAEK, phacoemulsification, and IOL implantation) between October 2006 and February 2011. Exclusion criteria were preoperative ocular comorbidity that would affect vision, previous intraocular surgery, intraoperative complications, and postoperative best-corrected visual acuity worse than 20/50 by subjective refraction performed 6 months after surgery. Three patients were excluded because of other ocular diseases, including severe glaucoma and diabetic retinopathy.
Protocol
Retrospective data collection was performed over a period comprising surgery and a postoperative follow-up of at least 6 months. The main measures recorded were axial length (AL), keratometry, preoperative and postoperative best spectacle-corrected visual acuity in logarithm of the minimum angle of resolution units, preoperative and postoperative refractive spherical equivalent (SE) in diopters (D), preoperative and postoperative mean keratometry (K), preoperative AL, preoperative anterior chamber depth, preoperative and postoperative corneal thickness of the recipient (in micrometers), corneal thickness of the graft (in micrometers), and time since the DSAEK triple procedure.
The predicted postoperative refraction using the IOL power implanted was calculated for each eye using the third-generation formula (SRK/T) and the manufacturer's IOL constant (119.4) for the Alcon 3-piece model MA50BM acrylic lenses (Alcon Laboratories, Fort Worth, TX). Using data from the deviation of the target refraction, a new optimized constant was calculated using the Holladay IOL Consultant software (version 1.0; Consulting, Inc., Houston, TX). 14 The new optimized IOL constants for the surgeon and the IOL power subsequently were entered into the SRK/T formula. Using the newly optimized IOL constant and the SRK/T formula, the new optimized predicted refraction for the IOL power was calculated.
An error of prediction was derived for each eye to show the tendency of prediction performance by the SRK/T formula in optimized IOL constants. The error of prediction is the actual postoperative SE minus the predicted postoperative SE and demonstrates how close the actual postoperative refraction in each eye is to the target postoperative refraction. The sign of the error of prediction denotes the direction of the departure from the target. That is, a negative error of prediction value means that the patient had a postoperative refraction that was more myopic than intended, whereas a positive error of prediction value means that the patient had a more hyperopic refraction than intended. An absolute error also was derived for each eye. The absolute error is the absolute value of the error of prediction in each eye and denotes the distance of the refraction from 0, without taking into account whether the departure from 0 was in the myopic or hyperopic direction.
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Surgical Protocol
All eyes underwent DSAEK to manage Fuchs' endothelial dystrophy. All operations were performed by a single surgeon (A.S.J.) using sub-tenon anesthesia. No dislocation of the graft occurred in this series of eyes, and no patient underwent reoperation for donor graft failure.
A 4.5-mm scleral tunnel incision was created in the supertemporal quadrant of the right or left eye. A 2.75-mm entry into the anterior chamber was made through the scleral tunnel incision with a keratome. Two limbal paracenteses were created 90 degrees to either side of the scleral tunnel incision. Standard phacoemulsification was followed by implantation of an acrylic foldable IOL (Alcon 3-piece model MA50BM; Alcon Laboratories) in the capsular bag. The host epithelium was marked with an 8.5-mm trephine. Using sodium hyaluronate 1% (Abbott Medical Optics, Santa Ana, CA) to maintain the anterior chamber, a reverse-bent Sinskey hook was used to score 360°and strip Descemet's membrane along this mark. The exposed stromal surface in the peripheral 2 mm of the defect in Descemet's membrane was disrupted using the Terry scraper (Bausch & Lomb, Rochester, NY). The entry into the anterior chamber was widened up to 4.5 mm with a keratome, and all viscoelastic material was removed with the irrigation-and-aspiration handpiece.
The presectioned corneal scleral donor tissue was trephined at 8.5 mm in diameter. The donor disc was folded with a 60:40 asymmetric overlap using sodium hyaluronate 1% to protect the apposed endothelial surfaces, was inserted into the anterior chamber using Charley forceps (Bausch & Lomb) under saline without anterior segment infusion, and was unfolded using a combination of air and saline injections. The scleral incision was secured with 2 interrupted 9-0 monofilament nylon sutures. The anterior chamber was filled completely with air for 10 minutes, during a portion of which sweeping of the epithelial surface was performed to remove residual fluid in the host-donor interface. At the conclusion of the 10 minutes, the air bubble was reduced to approximately 6.5 mm in diameter, with a tactile estimate of physiologic intraocular pressure. The patient maintained a supine position for 90 minutes in the postoperative area and was instructed to remain supine for an additional 24 hours after discharge.
Statistical Analysis
A paired t test was used to compare the mean difference between manufacturer's IOL constant (119.4) and the new constant. The mean arithmetic error and mean absolute error were calculated in all eyes. The percentage of eyes with Ͻ0.5 D, Ͻ1.0 D, and Ͼ1.0 D of target refraction were compared between the original constant (119.4) and the optimized constant. The McNemar's test was performed for correlated proportions of eyes out of the predicted postoperative SE; the Pearson correlation was used to evaluate the relationships between the best-corrected visual acuity after surgery, refractive changes from before to after surgery (SE), patient preoperative and postoperative corneal thickness (in micrometers), and corneal donor graft thickness (in micrometers). P values Ͻ0.05 were considered statistically significant, and 95% confidence intervals (CI) were calculated.
Results
The characteristics of the 30 eyes included in the study are summarized in Table 1 . This study included eyes with at least a 6-month follow-up after the DSAEK triple procedure (meanϮstandard deviation, 18.4Ϯ9.8 months; range, 6 -42 months). The mean refractive SE in all 30 eyes that underwent the DSAEK triple procedure was -0.9Ϯ3 D (range, -7.13 to 3.5 D) before surgery, and the mean postoperative SE was -0.72Ϯ0.7 D (range, -1.88 to 0.88 D). Using these data, the new optimized IOL constant in this cohort of patients was found to be 120.9. Table 2 and Figure The biometric data are presented in Table 1 . The mean difference between the mean preoperative K and the postoperative K was 0.8 D (95% CI, 0.074 -1.688; P ϭ 0.0721). The meanϮstandard deviation AL in this study was 24.7Ϯ1.7 mm (range, 21.69 -28.34 mm), and there was no statistical correlation with the Pearson analysis between the preoperative AL and the postoperative K (-0.42; P ϭ 0.01).
The Pearson correlation showed that there was no correlation between the refractive shift (preoperative to postoperative SE) and the mean preoperative K (-0.11; P ϭ 0.54), the mean postoperative K (-0.13; P ϭ 0.47), the preoperative anterior chamber depth (0.20; P ϭ 0.29), or the preoperative AL (0.541; P ϭ 0.002).
All patients enrolled in this study received an 8.5-mm graft diameter. The mean corneal graft thickness used in those surgeries was 138.8Ϯ24.9 m (range, 100 -180 m); the mean corneal recipient corneal pachymetry of the patients before surgery was 628Ϯ45 m (range, 560 -723 m), and the mean postoperative corneal thickness was 619Ϯ38 m (range, 626 -692 m). The Pearson correlation showed that there was no correlation between the refractive shift (preoperative to postoperative SE), and the graft thickness (0.219; P ϭ 0.25), the patients' preoperative corneal thickness (-0.296; P ϭ 0.11), or the patients' postoperative corneal thickness (0.08; P ϭ 0.1).
Discussion
This study evaluated the accuracy of refractive prediction using a personalized constant for IOL power calculation with the SRK/T formula in DSAEK triple procedure eyes. Based on these results, a new method to improve the refractive prediction accuracy in this patient population is evident.
Hyperopic outcomes tend to occur after DSAEK surgery. In general, a hyperopic shift of 0.7 to 1.5 D is described in the literature, and many surgeons empirically aim for a more myopic postoperative outcome by targeting a postoperative refraction of -1.00 to -2.00 D to reduce the chance for unintended hyperopic results. 3, 5, 8 Benchmarks for refractive success after routine cataract surgery have been reported in the literature 16 as 85% within 1 D and 55% within 0.5 D of the intended refraction. The present study shows that this level of accuracy would be nearly achieved by customizing the IOL constant in DSAEK triple procedures. With the IOL constant optimization described herein, 84% of patients were within 1 D of the predicted value and 44% of patients were within 0.5 D.
Several approaches to improve refractive outcomes in routine cataract surgery include optimization of the IOL constant, better formulae, and use of modern instrumentation. The optimization of the IOL constant similarly has been performed successfully in some specific circumstances such as high myopia, postrefractive surgery, and other types of surgeries. 8,10 -13,17 The disadvantage of any empirical approach is that the formula in principle works properly only for the data set from which it is derived. Furthermore, the formula also may be sensitive to differences in surgical technique, such as in phacoemulsification and DSAEK surgery, and also whether the donor graft thickness, graft diameter, or thickness of the patient cornea before surgery may play a significant role.
Previously, a positive correlation between refractive hyperopic shift and graft diameter has been reported, and large graft diameters (8.75-9.0 mm) have been associated with a refractive hyperopic shift as high as ϩ1.50 D. 18 In this study, all eyes received 8.5-mm corneal grafts. A hyperopic shift was noted, but showed statistically no significant correlation with the patient's preoperative and postoperative corneal thickness or with the corneal graft thickness.
The mean AL in this study was 24.7Ϯ1.7 mm (range, 21.69 -28.34 mm). The IOL constant by nature depends on the population AL average and the surgical technique performed. In this study, there was no statistical correlation between the AL and postoperative refractive outcomes. Because this study included eyes with at least a 6-month follow-up after the DSAEK triple procedure, the effects of residual corneal edema should be minimal. A previous study found that 95% of the corneal graft changes after DSAEK occur within the first 6 postoperative months. 19 The 4 potential sources of error in IOL calculations are corneal curvature measurement, AL measurement, effective lens position estimation, and the IOL calculation formula. 17 Corneal power accounts for approximately two-thirds of the total dioptric power of the eye and is an important component of the ocular refractive system. If the calculation of corneal power is inaccurate, it will induce error propagation and will have profound consequences on the remaining steps in the calculation of IOL power. Unfortunately, calculating corneal power especially in endothelial (DSAEK) transplantation is not a straightforward process.
The cornea has 2 refracting surfaces, and to calculate the total corneal refractive power, it is necessary to know the curvature of not only the front, but also the back of the cornea. Modern optical biometers such as the IOLMaster (Carl Zeiss Meditec, Jena, Germany) do not directly measure the posterior cornea, but instead account for it by using an assumed value for the refractive index of the cornea combined with measurements of the anterior corneal curvature. The anterior corneal surface has been claimed to contribute to refractive changes only in those eyes with advanced corneal decompensation associated with epithelial changes, and thus it is unlikely to explain the hyperopic shift seen in DSAEK triple procedures. 20 In another report, the hyperopic shift was correlated to the differential thickness between the central and peripheral graft, resulting in altered posterior corneal refractive power. 21 Although this second explanation seems more plausible, the present study was not designed to address the cause of the hyperopic shift seen in DSAEK triple procedures, whether from altered anterior or posterior corneal refractive power or change in refractive index of the cornea.
In this cohort, all surgeries were performed with a scleral tunnel incision, which already is known to induce minimal astigmatism. 7 In this study, the difference between the mean preoperative K and the postoperative K was 0.8 D. The posterior corneal astigmatism after DSAEK previously was attributed to graft decentration, 22 off-center donor cutting with the microkeratome, or off-center punching. 23 A recent report shows that alteration in the posterior astigmatism at least in part may be intrinsic to microkeratome donor preparation. 24 To the authors' knowledge, this is the first report of an optimization of the IOL constant formula to improve the final postoperative refraction in DSAEK triple procedures. Despite the constraints of the small numbers of patients enrolled, it still was possible to show a significant change in the unexpected errors between the before and after IOL constant optimization and a significant reduction in the standard deviation between the 2 groups. Some potential limitations of this study are posed by the small size of the cohort (30 eyes) investigated, the performance of all surgeries by a single surgeon, and the retrospective nature of the study. Future studies including a prospective design, a larger cohort of patients, and multiple surgeons are needed to address these limitations.
With increasing patient expectations, the first step to obtain an accurate IOL power calculation is to be able to identify the patient's visual goals, especially if they have specific needs. In addition, optimization of the IOL constant should improve the postoperative refractive outcomes in patients undergoing DSAEK triple procedures. 
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